The acidification response to NH 4 Clloading (0·1 glkg bw/day) was tested in 16 normal healthy subjects in the basal fasting state on Day 4, the subjects having taken the salt daily for the 3 previous days. The response was measured in terms of blood pH and in urine. creatinine. phosphate. pl-l, titratable acidity. ammonium, net acidity and creatinine clearance. To minimise inter-subject variation the urine values were adjusted to a standard body surface area of 1·73 m 2 • A normal range for the blood pH of the mean value±2 SD. encompassed the observed range of values. However, to fit the observed range of acid-base values in urine into the 2 SD range required a logarithmic transformation of the data. Statistical analysis confirmed a significant correlation between blood [H+] net acid secretion. urine titratable acidity and ammonium. Urine net acid secretion was positively correlated with urinary phosphate. titratable acidity and ammonium.
A study of the risk factors involved in the causation of calcium stone disease of the urinary tract has revealed that. together with oxalate and calcium concentration, pH is a key factor in controlling the saturation of urine with calcium salts. Moreover. the urinary pH of patients who suffer from recurrent formation of calcium oxalate and phosphate mixed stones is frequently found to be higher than normal. I Over the past decade. several groups of workers have detected acidification defects of varying degree in patients suffering from recurrent renal stone formatlon.P" It has been proposed that the measurement of the pH in a fasting morning urine sample may be used as a screening test for the detection of such defects to be followed by the full NH,Clloading test in patients whose fasting morning urine pH exceeds 6·0 on three occasions.? Other workers have obtained evidence that defective acid secretion may be a factor in a significant proportion of pa-ients who suffer from both the normo-and hypercalciuric categories of recurrent renal stone disease.' Therefore, a need clearly exists for a simple test of urinary Correspondence: William C. Alston. acidification which can be performed on outpatients attending the Urological Clinic of an average District General Hospital.
The short test of urinary acidification using a load of NH,Cl performed in the conventional manner has certain disadvantages. Firstly. the ingestion of the powder or capsules in the fasting state causes sickness and severe gastrointestinal irritation in many patients. Secondly, the patient' has to remain in hospital (usually a metabolic ward) for 6 to 8 h. thus, limiting the number able to be studied. Recently, several workers have reported on the use of a 3-day test. 4 • 5 based on earlier work." In this form of the test. the patient takes the same dose as in the short test, but spread throughout the day in divided amounts and after meals, thus mitigating the gastrointestinal irritation. The same dose is taken daily for 3 days to produce a more pronounced response and the blood and urine samples collected on Day 4 with the patient in a fasting state. However, although the response to the short test has been well studied? in the prolonged form of the test only very small groups of normal subjects were investigated. Consequently, the normal ranges for the parameters studied could only be considered Table 2 presents the response of the urinary acid-base parameters to NH 4CI loading. Although the expression of the results in terms of a standard body surface area of 1·73 m 2 did reduce the variability of the response. it is evident that considerable individual variation remains. Also, in contrast to the findings in blood, the observed range for each parameter (with the notable exception of urine pH) did not fall within the 2 SO range. An inspection of the urinary data suggested the existence of a positive skewness towards the upper values. Therefore. each parameter was tested against the cumulative distribution on a Gaussian probability scale. Each parameter tested did not give the straight line response expected of a normal Gaussian distribution. but deviated significantlyfrom linearity. Therefore, with the exception of the urinary pH, all the other urinary values were subjected to a logarithmic transformation. It is evident that the 2 SO range derived from the logarithmically transformed values, gives a much closer fit to the observed range of normal values.
When the blood pH values were converted to hydrogen ion concentration i.e. (H+] in molar units. a statistical analysis confirmed a significant correlation between blood (H+] and urine net acid (r=O·51, P<0·()25), titratable acidity (r=()·52. P<O·025) and ammonium (r=O·45, P<()·()5). On the other hand, analysis of the urinary acid-base parameters demonstrated that no correlation exists between urinary (H+] (derived from pH values) and net acid, titratable acidity or ammonium. As one would expect. however, a significant positive correlation was obtained between urinary net acid and titratable acidity (r=()'77, P<O·OO5) phosphate (r=O'58, P<()'Ol) and ammonium (r=()·49, P<()·()5). The correlation obtained between net acid secretion and creatinine clearance was positive, but not significant (r=()·30. P<O·2().
Discussion
Since the introduction of the short test of urinary acidification it has been the custom to test the response of patients to a standard dose of NH 4 CI in terms of net acid secretion and urine pH. 13 However, whether the test is performed as the short or prolonged loading procedure it presents problems of interpretation resulting mainly from the very great individual variabilitv of the acid-base parameters measured.v 6. 7. 13 In order to standardise the response to acidosis the earlier workers adjusted the individual values of each response to a standard body surface area of 1.73 m 2 • 6 This practice is commonly observed in paediatric studies, but with the exception of one other group of workers!" it has not been generally followed in the study of adult subjects, although it is accepted, that in the normal healthy subject renal function measured by the glomerular filtration rate (GFR) bears a constant relationship to body surface area. Moreover, the advantage of this mode of expression receives even greater support by the finding of Wrong and Davies'? that a significant decrease of the GFR is associated with diminution in the amount of net acid secreted in response to an acid load. In spite of standardising our urine excretion values in this way, however, it is clear that a very considerable variability of individual response remains and the construction of a normal range of urinary acid-base parameters must be wide enough to take account of this situation. Statistical analysis confirmed that a logarithmic transformation of the urine values . was necessary to obtain a 2 SO normal range to fit the data. When this was done only one of our 16 subjects (6% of the total) had values of ammonium, net acid, creatinine, and creatinine clearance outside the 2 SD limits, according well with a normalised distribution. Our means and 2 SO ranges are very similar to those obtained by Megevand & Favre" who used nine normal volunteers, but are somewhat greater that those reported by Batlle et ai. 5 who used only seven subjects. However, both of these groups used a mean ±2 SEM to express their normal ranges, clearly with a view to minimising the large individual variations and also to take account of the comparative smallness of their groups. Our results also compare well with the results of the short test? in which the author averaged the individual values obtained from the 2nd to the 8th hour after ingestion of the NH 4 CI, although, again, the means and ranges are somewhat lower than we obtained. Moreover, this author also obtained a lower coefficient of variation of the values factored by body weight that that obtained with the absolute values. Our findings of a significant correlation between blood [H+] concentration and urinary net acid secretion were expected, since the greater the generation of metabolic acid the greater willbe the stimulusto the kidney to shed the acid load. On the other hand, the obvious lack of correlation between the urinary [H+] and the net acidity, titratable acidity and ammonium have to be explained.
It is evident that the urine [H+] will be determined first by the rate of acid secretion, which is a reflection of the capacity of the kidneys to generate a gradient between blood and urine. Secondly, it will also be determined by the rate of excretion of buffers in the glomerular filtrate consisting of titrable acids, mainly inorganic phosphate and creatinine. It will also be affected by ammonium formed by the interaction of protons in the luminal fluid with ammonia diffusinginto the lumen from the cells of the collecting ducts. Work carried out in recent years has established the while the rate of phosphate excretion is relatively constant and largely predetermined by the diet, the ammonium system can increase its flux markedly during prolonged metabolic acidosis. 15 In other words, ammonium is the predominant buffer affecting urine pH. A low urine pH is required to trap ammonium and it is to be expected that the greater the acidic stimulus the higher will be the rate of ammonium secretion.6. 15 Therefore, in prolonged metabolic acidosis the diffusion of large amounts of ammonia into the tubular fluid of the collecting duct will, in turn, tend to lead to an elevation of urine pH. It may be surmised then that with the subject on a constant diet and intake of acidifying salt, an equilibrium will be reached between the rate of secretion of protons and buffers into the urine, although it may take 3 to 5 days to attain it. 6 Most workers using either the short 2 • 7 or long" forms of the test have obtained urine pH values of 5·3 or less in their normal subjects, whereas two of our subjects had values much higher (subject 10 of 5·51 and subject 12 of 5·78). In each case the secretion of titratable acid, ammonium and net acid were comparable to those of the other subjects. However, in each case ammonium accounted for 70% or more of the net acid secretion (the values of the group as a whole varying from 58 to 79%). Being on a free diet it is possible that they had been consuming food which produced a more than normal acid load for some time before the test was conducted.
